Twelve pleomorphic adenomas of minor salivary gland origin were examined for the distribution of S-100 protein, detected using the peroxidase-antiperoxidase (PAP) method. Strong S-100 protein immunoreactivity was noted in areas containing plasmacytoid cells, stellate and spindle cells against a myxochondroid or hyalinous stroma, and solid epithelial areas. Tubular and duct-like structures showed variable stainability. Stromal tissue and normal salivary glands were generally negative for S-100 protein. These findings were compared with those reported elsewhere.
gland tissue adjacent to these tumors, judged normal by light microscopic examination, was also studied. Light microscopy All samples were fixed in 10% formalin and sections 4 pm thick were prepared using standard laboratory techniques. The sections were stained with hematoxylin and eosin, alcian blue, periodic acid-Schiff and Southgate's mucicarmine, and studied routinely to determine the histopathology of the pleomorphic adenomas.
Immunohistochemical method
Immunohistochemical localization of S-100 protein was studied by Sternberger's peroxidase-antiperoxidase (PAP) method[151.
Deparaffinized sections were immersed in 0.3% methanolic H2O2 solution for 30 min to inactivate endogenous peroxidase, and were then rinsed well in 0.05 M Tris buffer and treated according to the following steps: mounting. According to specifications supplied by Dakopatts, the S-100 protein used had been purified from ox brain.
Normal rabbit serum was used instead of the first antibody for the controls, and no cells positive for S-100 protein were observed in any of them. Normal swine serum, rabbit anti-S-100 protein, swine anti-rabbit immunoglobulins, PAP and normal rabbit serum were all purchased from Dakopatts, Copenhagen, Denmark.
Results
Positive staining for S-100 protein was evident in all twelve cases of pleomorphic adenoma at the following sites:
1 necting areas of cellular proliferation in other types of connective tissue stroma (Fig. 2c) , showed consistent and fairly intense staining for S-100 protein. A dark brownish deposit was found in the nuclei and cytoplasm of these stellate cells, distinctly outlining the cell bodies and their processes (Fig. 2b) .
Tubular and duct-like structures
The periductal cells surrounding these structures demonstrated S-100 protein positivity, but not always strongly (Fig. 3 ).
Solid epithelial areas
These consisted of round, oval or squamous epithelioid cells arranged in solid sheets, nests or clusters with little or no glandular differentiation (Fig. 4a) . Marked staining for S-100 protein was also noted in these areas (Fig. 4b) . Stromal connective tissue fibers were generally negative for S-100 protein.
In the normal salivary gland tissue there was positive immunostaining of acinar cells and epithelial cells of the intercalated ducts in some but not all cases (Figs. 5a and b) .
No immunostaining of neoplastic and normal tissue was seen in sections incubated with normal rabbit serum. were, in contrast, S-100 protein-negative.
The results of immunostaining of normal salivary gland tissue were variable in all the cases studied here, and this was also reflected in other reports [1243] . HARA et al. [13] and TAKAHASHI et al. [20] found no S-100 protein in epithelial cells of intercalated ducts, acini, striated ducts and excretory ducts. However , myoepithe- lial cells surrounding acini and intercalated ducts were specifically positive for S-100 protein [19] [20] [21] . On the other hand, NAKAZATO et al. [12] and ERLANDSON et al. [22] demonstrated that acini cells were S-100 protein-positive in some of the cases they examined, and other reports also described S-100 protein immunoreactivity in intercalated ducts [11, 12, 14, 18, 19] . The variation in findings among these studies may be ascribed to the differing sensitivities of the immunoperoxidase methodologies employed by various laboratories, different primary antibody sources, poor specimen fixation and differences in sample size [18, 19] . Another possible reason is that the S-100 protein immunolocalization is often nuclear, and may have been masked by the hematoxylin counterstain in some cases1191. Furthermore, NAKAZATO et al. [12] observed that not only was the immunostaining of normal salivary glands variable, but that the intensity of the reaction was far weaker than that in tumors. This led to the suggestion that S-100 protein was actively synthesized by adenoma cells during the course of tumor development [12] .
According to KAHN et al. [21] , the presence of S-100 protein in tumors represents a characteristic of tumor stem cells inherited from their corresponding non-transformed progenitors, and is not a consequence of dedifferentiation of tumor cells during clonal expansion. Demonstration of S-100 protein may therefore be used to confirm the histogenesis of tumors. There is general agreement that the progenitor cells of pleomorphic adenomas of human salivary glands are either ductal epithelial cells or modified myoepithelial cells [17, [23] [24] [25] . There is also a general consensus that the various neoplastic cells in pleomorphic adenomas that express S-100 protein represent cells of myoepithelial lineage [12] . However this concept is marred by the fact that myoepithelial cells may induce salivary duct cells to express S-100 protein, as shown in a recent study involving co-culture of the two cell types [24] .
The presence of S-100 protein in cells of extraneural tissues including pleomorphic adenomas has not been satisfactorily explained. One interpretation is that adenoma cells may not be related to neural tissue, but may synthesize the neural system-specific protein as a result of their multidirectional differentiation [12] . Another explanation proposes that S-100 protein is a nervous systemassociated, but not nervous system-specific, protein [12] .
The usefulness of S-100 protein alone as a diagnostic marker in distinguishing pleomorphic adenomas from other salivary gland tumors is limited by the fact that numerous other types of salivary gland tumor are also S-100-positive. Positive consistent staining for S-100 protein has been reported in monomorphic adenomas (canalicular, salivary duct, clear cell and dermal analogue type) and polymorphous low-grade adenocarcinomas [18] . Inconsistent positive staining has been noted in adenoid cystic carcinomas, carcinoma ex pleomorphic adenomas, clear cell carcinomas and nonclassified adenocarcinomas [18] .
Rare or no staining has been found in oxyphilic adenoma, basal cell adenoma, Warthin's tumor, mucoepidermoid carcinomas and acinic cell carcinomas [13, 18] . However interdigitating cells identified as Langerhan's cells, which stained positive for S-100 protein, have been found in the lymphoid component of Warthin's tumor [13, 20] .
